
GALACTIC DISTRIBUTIOX’ OF ECLIPSING BINARIES 
AND ITS EIGSIFICAX’CE 

1 

* 
Su-Shu Huang and C la rence  Wade, Jr. 

Goddard Space F l i g h t  Center  
N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  

and 
Department of Space Sc ience  and Applied P h y s i c s  

C a t h o l i c  U n i v e r s i t y  of America 

ABSTRACT 

From t h e  g a l a c t i c  d i s t r i b u t i o n  of  e c l i p s i n g  
b i n a r i e s ,  i t  f o l l o w s  t h a t  t h e  a n g u l a r  momenta 
a s s o c i a t e d  w i t h  o r b i t a l  motion of c l o s e  b i n a r i e s  
a re  no t -  due t o  l o c a l i z a t i o n  of g a l a c t i c  r o t a t i o n  of 
p r e - s t e l l a r  media. Hence, we may e x p e c t  a g e n e r a l  
random o r i e n t a t i o n  of o r b i t a l  p l a n e s  i n  s p a c e ,  
a l t h o u g h  t h i s  e x p e c t a t i o n  m a v  n o t  be t r u e  for a 
s i n g l e  group of stars. 

_2_ 
-- - 

_ -  

(THRUI 

/ 
I *  - (PA6ES) 744bL 

(CODE) 

(NASA CR OR TMX OR AD NUMBER) 
( a T E 6 O R Y )  

1 -  



I n  o r d e r  t o  unde r s t and  s t a r  f o r m a t i o n ,  p e r h a p s  t h e  o r i g i n  
of s t e l l a r  a n g u l a r  momentum p r o v i d e s  one  of  t h e  impor t an t  
c lues .  B i n a r i e s ,  r o t a t i n g  stars and p l a n e t a r y  s y s t e m s  a l l  
have h igh  a n g u l a r  momenta. Where do these"angu1ar  momenta 
come from? We might  conce ive  t h a t  t h e y  come from t h e  l o c a l i -  
z a t i o n  of g a l a c t i c  r o t a t i o n  o f  t h e  p r e - s t e l l a r  medium. 

~- Equall.y_,we might  c o n s i d e r  them as r e s u l t i n g  from t h e  random 
motion of d i f f e r e n t  p a r t s  of t h e  p r e - s t e l l a r  medium. I n  

be p e r p e n d i c u l a r  ( o r  n e a r l y  p e r p e n d i c u l a r )  t o  t h e  ga1acf;ic 
- t h e  f i r s t  case, t h e  s t e l l a r  momentum v e c t o r s  would a l w a y s  

p l a n e .  I n  t h e  second case, the s t e l l a r  a n g u l a r  momentum 
v e c t o r s  w i l l  be o r i e n t e d  i n  space  a t  random. S t a t i s t i c a l  
s t u d i e s  of  o r i e n t a t i o n  of o r b i t a l  p l a n e s  of v i s u a l  b i n a r i e s  
(Chang 1929,  F i n s e n  1933) shows t h a t  t h e  second is t h e  a c t u a l  
case. S t a t i s t i c a l  r e s u l t s  oT s te l la r  r o t a t i o n  appea r  also 
t o  c o n t r a d i c t  t h e  first p o s s i b i l i t y  and f i n d s  no i n c o n s i s t e n c y  
w i t h  t h e  second p o s s i b i l i t y  ( S t r u v e  1945,  Huang and S t r u v e  
1956).  I n  t h e  p r e s e n t  n o t e ,  the o r i e n t a t i o n  of o r b i t a l  p l a n e s  
of e c l i p s i n g  b i n a r i e s  w i t h  r e s p e c t  t o  t h e  g a l a c t i c  p l a n e  
w i l l  be examined w i t h  a view t o  see once more which one of 
zhe two cases d i s a g r e e s  w i t h  o b s e r v a t i o n a l  r e s u l t s .  

Variables" compiled by Kock, S o b i e s k i  and  Wood (1963) ,  w e  
have made a s t a t i s t i c a l  s t u d y  of t h e i r  d i s t r i b u t i o n  w i t h  

r e s p e c t  t o  t h e  g a l a c t i c  c o o r d i n a t e  sys tem I1 ( u s i n g  as t h e  

1900.0 p o s i t i o n  of t h e  g a l a c t i c  p o l e  R . A .  = 12  46 .6  and Dec. = 

2?040'O). 
s k y  down to  the  13th  magnitude a t  minimum l i g h t .  Thrce p o s t  
novae i n  t h e  l ist  which do n o t  s a t i s f y  t h i s  c r i t e r i o n  a re  
e x c l u d e d  from t h i s  c o n s i d e r a t i o n .  Hence, a l t o g e t h e r  t h e r e  

From t h e  "Finding  L i s t  f o r  Observers  of E c l i p s i n g  

h m  

The l ist  ccmers ec1Fpsing b i n a r i e s  of t h e  e n t i r e  

-\ _- 
. . a r e  1263 systems f o r  t h i s  s t u d y .  
1- 

Tables  1 and 2 g i v e  t h e  numbers and d e n s i t i e s  p e r  s q u a r e  
d e g r e e  of e c l i p s i n g  b i n a r i e s  i n  d i f f e r e n t  g a l a c t i c  l a t i t u d e  
and l o n g i t u d e  zones .  If t h e  s t e l l a r  a n g u l a r  momentum shou ld  

-- -. 
X C 7 0  

- 2 -  



. 
. ? *  I '  

be d e r i v e d  from g a l a c t i c  r o k a t i o n ,  a l l  o r b i t a l  p l a n e s  would 
be p a r a l l e l  t o  t h e  g a l a c t i c  p l a n e .  Being l o c a t e d  i n  t h e  
g a l a c t i c  p l a n e  o u r s e l v e s ,  w e  would t h e n  f i n d  e c l i p s i n g  
b i n a r i e s  o n l y  n e a r  t h e  g a l a c t i c  e q u a t o r ,  s a y  between b = -15' 
and b = 15'. I t  is obvious  from Tab le  1 t h a t  t h e  e c l i p s i n g  
b i n a r i e s  are n o t  l i m i t e d  o n l y  t o  t h e  low g a l a c t i c  l a t i t u d e s  
Sctween -15O and 15' as would be expec ted  from t h e  h y p o t h e s i s  
of g a l a c t i c  r o t a t i o n a l  o r i g i n .  I n  t h e  hemisphere n o r t h  
of t h e  g a l a c t i c  e q u a t o r  the-re are 1S1 e c l i p s i n g  s y s t e m s  
between b = 0 
s p h e r e  s o u t h  of t h e  g a l a c t i c  equa to r  there  a re  187 sys tems 
between b = 0' and b = -15' i n  a t o t a l  of 636. 
t h a n  two t h i r d s  of t h e  s y s t e m s  are l o c a t e d  a t  g a l a c t i c  l a t i -  
t u d e s  h i g h e r  t h a n  f i f t e e n  degrees .  T h i s  r u l e s  o u t  t h e  g a l a c t i c  
r o t a t i o n a l  o r i g i n  of s t e l l a r  angu la r  momentum. T h a t  t h e  

tab le  shows l o w  d e n s i t y  of e c l i p s i n g  b i n a r i e s  i n  t h e  ve ry  
h i g h  g a l a x t i c  l a t i t u d e s  pe rhaps  r e f l e c t s  o n l y  t h e  t r e n d  
r e s u l t i n g  from t h e  g a l a c t i c  c o n c e n t r a t i o n  of stars i n  g e n e r a l .  

Also  t o  be no ted  i s  t h c  f a c t  t h a t  t h e  i n c l i n a t i o n  of  
t h e  o rb i t a l  p l a n e  of a n  ec1:ps:ng b i n a r y  a t  g a l a c t i c  l a t i t u d e  
b w i t h  t h e  g a l a c t i c  p l a n e  ccln assume any v a l u e  from b t o  n /2 ,  
as we can  e a s i l y  see from a s imple  geometry of e c l i p s e .  Hence, 
o r b i t a l  p l a n e s  of e c l i p s i n g  b i n a r i e s  found i n  h igh  l a t i t u d e s  
have n e c e s s a r i l y  l a r g e  i n c l i n a t i o n s  w i t h  r e s p e c t  t o  t h e  
g a l a c t i c  p l a n e  w h i l e  t h o s e  found i n  low l a t i t u d e s  may have 
e i t h e r  l a r g e  or s m a l l  i n c l i n a t i o n s .  

t h e  number p e r  s q u a r e  degree i n  two l a t i t u d e  zones  (-30° t o  
-25O and 25' - 30°) as well as l a r g e  f l u c t u a t i o n s  i n  t h e  

loi;gitudE z o n e s .  The compara t ive ly  low s u r f a c e  S ta r  d e n s i t i e s  

i:i :'ne i a t i t u d e  zones between the  two peak d i s t r i b u t i o n s  
co.,.i;d be due t o  g a l a c t i c  o b s c u r a t i o n  which c u t s  down t h e  number 

of e c l i p s i n g  b i n a r i e s  s o  far d e t e c t e d .  I t  may a l s o  s u g g e s t  
t ha t  t h e r e  is some local  c o r r e l a t i o n  i n  t h e  a n g u l a r  momentum 

0 and b = 1 5 O  i n  a t o t a l  of 627. In t h e  hemi- 1 

Hence, more 

J V p  zlsc n c t e  FE t ~ h l p ~  ~.n.np penk d i c . t r i h i i t i o n s  in 
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v e c t o r s  of b i n a r i e s .  I n  o t h e r  words,  i n  a group of b i n a r i e s  
t h e r e  might  be a s t a t i s t i c a l l y  p r e f e r e n t i a l  o r i e n t a t i o n  
oi' t h e  o r b i t a l  p l a n e s .  I n  t h i s  r e s p e c t  w e  shou ld  r e c a l l  t h e  
d i s c o v e r y  by B a t t e n  (1960) t h a t  some s o r t  of r e l a t i o n s h i p  
e x i s t s  between s imilar  b i n a r y  sys tems.  X e  c i t e s  t h e  f a c t  
t h a t  of 1 2  e c l i p s i n g  sys tems w i t h  s x p e r g i a n t  components,  6 
i l e  xvvithin aboilt 3' on  t h e  c e l e s t i a l  s p h e r e .  

ii any ,  of B a t t e n ' s  f i n d i n g  and t h e  s l i g h t  c l u s t e r i n g  of 
e c i i ? s i n g  b i n a r i e s  i n  t h e  l a t i t u d e  and l o n g i t u d e  zones  found 
kei-e remains  obscu re .  Also t o  be mentioned i n  t h i s  c o n n e c t i o n  
is  th? _behavior  of s t e l l a r  r o t a t i o n  i n  c l u s t e r s .  I n  some 
c:ustcrs ,  l i k e  t h e  P l e i a d e s ,  s t a r s  appea r  t o  r o t a t e  f a s t e r  
A. b,.tia 3 .  

T h i s  has keen o f t e n  a t t r i b u t e d  t o  s y s t e m a t i c  h igh  r o t a t i o n a l  
v e l o c i t i e s  i n  t h e  c l u s t e r .  However, f rom wha t  has  j u s t  been 
s c i d  2Sout p o s s i b l e  weak a l ignment  of o r b i t a l  p l a n e s  of 

c l o s e  b i n a r i e s  i n  a group,  t h e  r o t a t i o n a l  behavior  of stars i n  
-. -lie . 
o i - i c n t a t i o n  of e q u a t o r i a l  p l a n e s  of r o t a t i n g  s t a r s  w h i c h  make 
s , z , t i s t i c a l l y  l a r g e r  a n g l e s  of i n c l i n a t i o n  w i t h  the c e l e s t i a l  
spi:ci-e f o r  all s t a r s  i n  t h e  c l u s t e r  t h a n  would be expec ted  

The s i g n i f i c a n c e ,  

t h e  f i e l d  s t a r s  of t h e  same s p e c t r a l  t y p e s  ( S t r u v e  1945). 

? l e i a d e s  nay be i n t e r p r e t e d  by a soniewhat p r e f e r r e d  

A- 7.. G X  r andon  o r i e n t a t i o n  of t h e i r  s p i n n i n g  2 x e s .  

- - _ I  L . . ~  9 sky  may show t h e  i n t r i n s i c  l a r g e  f l u c t u a t i o c s  of c l o s e  

F i n z l l y  , t h e  - ~ -. 

lm-jie i l u c t u a t i o n  i n  t h e  d i s t r i b u t i o n  of e c l i p s i n g  b i n a r i e s  over  

dAA--i-ies in s p a c e .  For example,  t h e  number of b i n a r i e s  i n  t h e  

3leiades is much less t h a n  t h e  v a l u e  expec ted  from t h e  o v e r - a l l  
zvei-age of t h e i r  f r equency  occurrence  - 

7 -  4 -- 
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F i n a l l y ,  l e t  u s  c o n s i d e r  t h e  a n g u l a r  momentum v e c t o r  
of t h e  p l a n e t a r y  sys tem.  I t  is d e f i n e d  by the  i n v a r i a b l e  
p l a n e  of t h e  sys t em.  The pole of t h i s  p l a n e  is l o c a t e d  aT; 
the g a l a c t i c  l a t i t u d e  of 25O i n d i c a t i n g  that t h e  i n v a r i a b l e  
>lac-: making a n  a n g l e  of 62O w i t h  t h e  g a l a c t i c  ;? lane.  T h i s  
sl?l... thlt t?-p l p T : L l 2 r  .?r..c)merrtlim .c)? “UT cy= pl:r,et2r;. s y s t z n  

did not coxe from g a l a c t i c  r o t a t i o n .  
2\11 these i n v e s ~ c i g a t i o i i s  f r o 3  v i s u a ;  b i n a r i e s  t o  oar 

CL:.:~ -17 1 -  ~ . n e t a r y  sys ten  a g r e e  i n  cse p o i n t ,  1. e .  , stell2.i- a n g u l a r  
; , ~ ~ ~ i ~ ~ Z ~ ~ 1  is :lot d e r i v e d  fi-0~1 g a i z c t i c  r o t a t i o n .  Eowcver , v e  
s;ioci< r e a l i z e  t h a t  a. f r e e  coi1cecsatioi1 of ter iuous gzis t h a t  

R 

Y F 9 0  _ -  
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s h a r e s  g a l a c t i c  r o t a t i o n  i n  i n t e r s t e l l a r  s p a c e  is i n e v i t a b l y  
zccon2anied by l o c a l i z a t i o n  of a l a r g e  m o u n t  of g a l a c t i c  
a:;gular noxentum ( e .  g .  Edgewort5 1946) . 
c o a t r a d i c t i o n  between t h e  i n d i s p u t a b l e  r e s u l t  of o b s e r v a t i o n  
aiid t h e  i n e v i t a b l e  consequence of t h e o r e t i c a l  deduc t ion .  
Ferhaps  i n  r e s o l v i n g  t h i s  d i f f i c u l t y  ve may f i c d  a3 i x p o r t a n t  
c;;ie of star r^orsatio;l .  Y e c t a t i v e i y  , we see two 2 o s s i b i l i t i e s  
-,$:iich are no t  mutua l ly  e x c l u s i v e  t o  r e c o n c i l e  t h e  obsei-vea 
;act a:id T h e o r e t i c a l  p r e d i c t i o n .  IDerhaps t h e  aiigulai- 

:::o:nentux a s s o c i a t e d  w i t h  ranGox :notion is  much l a r g e r  t h a n  
;hat a s s o c i a t e d  w i t h  d i f f c r e l i t i a l  g a l a c t i c  r o t a t i o n .  This  
s l t u a t i o n  may be rea l ized  i f  s t a r s  are  formed as  a g r o q  

(Robci - t s  1957) .  Tne zngu: ar  nomentun of t he  p r e - s t e l l a -  
xediuin a r i s i n g  from g a l a c x i c  ro-ca t ion  i s  p r e s e r v e d  i n  t h e  

r e l a t i v e  motions among t h c  s c a r s  themselves .  3 u t  t h e  angu la r  
zomentua a s s o c i a t e d  w i t h  axI;Ll r o t a t i o n  and o r b i t a l  motion 
05 S i n a r y  s y s t e m  depends only upon t h e  l o c a l  f L u c t u a t i o n ,  
s;:r due  t o  l o c a l  Turbulent  v e l o c i t y  f i e l d  i n  t h e  p r e - s t e l l a r  
1:cdium. S ince  fo rma t ion  OP stars is a p u r e l y  local.  phenomenon 
L.:c steilzr 2 i 1 g ~ l ~ i ~  mornenturn v e c t o r  e i t h e r  is ra ; iCamf; .  

0:-iented i n  space  or s?io,~: sone s i i g h t  p e f e r e n c e  i:i o r i e n t a -  
t i o n  charac te r i s t ic  a g a i n  of t h e  l o c a l  f l u c t u a t i o n  a l o n e .  
*iie o t h e r  p o s s i b i l i t y  is t,ia-, i n  t h e  p r o c e s s  of condensa t ion  
l i c t l e  angalai- momen'r;um of g a l a c t i c  r o t a t i o n  is l o c a l i z e d .  
T h i s  would be t h e  case if e i ther  t h e  c o n d e r s a t i o n  f o l l o i ~ s  
::-e I.---,. 3 LA eaxx l i n e s "  of g a l a c t i c  r o t a x i o n  (one-d ixens iona l  

r01?.22sp) ny there is 2- S t r G r g  L2Terzetic2 52tT"n,3:1 t h e  C G Z -  

c * u A r 3 i i r o  -, ,, - - '7 9- x a t e r i a l  and I n t e r s z e i l z r  rm=i.,etic field so  c k z  the 

TInus, we f a c e  t h e  

,_ * 

m- 

; si' :I 3. ;z e C a zgu l a r  LIO.-C a;u-- i s 6 2  =. s :pa. zz 2 by e 1 e c zi" o:ns gne t i c 
i i 2 L e y l ~ T i o n  beiore tlie , , i c i L u ~  A A L  IS Iragxezteec into s ;e i la r  
; A25 SZS . 
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